ministration of saline solution through a subcutaneous port into the band, resulting in early satiety and weight loss. Studies [4] [5] [6] have shown that gastric banding produces weight loss comparable with that of Roux-en-Y gastric bypass and vertical banded gastroplasty but with fewer side effects.
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and careful postoperative follow-up with individual tailoring of band tightness [9] [10] [11] [12] . Nevertheless, there is no consensus regarding the best approach for adjusting the bands.
Some bariatric surgeons perform each band adjustment under fluoroscopic guidance in the radiology department, performing a barium study immediately afterward to assess the tightness of the band [8, 9, 13, 14] . If the band is thought to be too tight, some or all of the administered saline solution can be withdrawn from the band to prevent the development of obstructive symptoms. Other surgeons adjust the bands in their offices. The decision to add or withdraw saline solution from the band is based on the degree of weight loss and the presence of symptoms suggesting overinflation of the band, and follow-up barium studies are performed after band adjustment only if obstructive symptoms develop [9, 10, 15] . Our purposes were to assess the utility of routine barium studies after adjustments of laparoscopically inserted gastric bands and to identify specific radiographic criteria, including the stomal diameter of the band, for predicting which bands should be loosened because of excessive tightening at the time of adjustment.
Materials and Methods

Patient Sample
A computerized search of the radiology and surgery databases at our university hospital revealed the cases of 246 patients with laparoscopically inserted gastric bands who underwent one or more adjustments and routine barium studies after each adjustment during a 3.7-year period from 2004 to 2007. These 246 patients underwent a total of 668 gastric band adjustments (mean, 2.7; range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] and barium studies immediately afterward for evaluation of band tightness. Review of the original radiology reports revealed that 45 of the 668 routine band adjustments (7%) were considered too tight on the basis of the barium study findings after the initial adjustment and that immediate readjustment (withdrawal of saline solution) was performed to loosen the band. The decision to readjust the band was based not on any established criteria for a tight band but on the joint opinion of the attending gastrointestinal radiologist and bariatric surgeon that some of the administered saline solution be immediately removed from the band because a small stomal diameter, proximal dilatation, or slow emptying of barium through the band was found during the initial barium study after administration of saline solution into the band.
Images from 41 of the 45 barium studies obtained at readjustment were available for review. These 41 barium studies were performed on 30 patients with a mean of 1.4 studies (range, 1-6 studies) for each patient. Eight patients (27%) were men and 22 (73%) were women. Images from the barium studies of 41 randomly selected control patients who did not undergo band readjustment after administration of saline solution into the band also were reviewed. Seventeen of the control patients were men (41%) and 24 were women (59%). A separate review of the surgical records of the 246 patients revealed that 10 of the patients (4%) had obstructive symptoms necessitating deflation of the bands. Images from the barium studies of nine of these 10 patients were available for review. Two patients were men (22%) and seven were women (78%). The overall schema of the three patients groups in the study is shown in Figure 2 . Data on the patients and length of follow-up after band placement are presented in Table 1 .
Radiographic Examinations
All adjustments of laparoscopically inserted gastric bands were performed in the radiology department under fluoroscopic guidance with digital fluoroscopic equipment (Sireskop SD, Siemens Healthcare) to localize the subcutaneous port and assist in positioning the needle. The surgeon inserted a 22-gauge deflected-tip needle into the port, aspirated and recorded the volume of saline solution present in the band, and refilled the band with a larger volume of saline solution according to manufacturer recommendations. A barium study was routinely performed after the adjustment for assessment of the tightness of the band.
Images were obtained with the patient in the upright position during ingestion of a fixed 60-mL 
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volume of high-density barium (E-Z-HD, E-Z-EM). On the basis of findings during assessment of the position and tightness of the band and ease of passage of barium through the stoma, a decision was made about readjusting the band by insertion of another needle into the port and withdrawal of a portion or all of the recently administered saline solution. The studies were performed by a resident, fellow, or one of two attending gastrointestinal radiologists. All images were interpreted by the attending radiologists.
Study Design
The barium studies of 30 patients with tight bands after adjustment (41 studies), 41 control patients, and nine patients with obstructive symptoms before deflation of the band were reviewed retrospectively at a PACS workstation by two attending gastrointestinal radiologists. The reviewers were blinded to the clinical course after band adjustment. The reviewers were not, however, blinded to whether the patients had obstructive symptoms at the time of adjustment or whether the band was readjusted for being too tight because in those cases a second series of images was present for reassessment after the band had been loosened.
The images were reviewed to determine stomal diameter, esophageal width, and gastric pouch width and height (Fig. 3) . Stomal diameter was determined by measurement of the width of the lumen at the central portion of the band. Esophageal width was measured in the distal esophagus at its widest horizontal dimension above the gastroesophageal junction. When a discernible gastric pouch was identified above the band, pouch width was measured at its widest horizontal dimension, and pouch height was measured from the gastroesophageal junction to the proximal indentation of the band on the stomach. If the esophagus and gastric pouch were always collapsed on the available images, no measurements were obtained. If gastric pouch emptying time (defined as the time in seconds from ingestion of barium to passage of the barium below the band) was mentioned in the original radiology report, this time was recorded.
Measurements were taken from barium studies obtained after the initial adjustment and after readjustment of bands that were too tight, from barium studies obtained after routine band adjustment for control patients, and from barium studies obtained before deflation of the band for patients with obstructive symptoms. All radiographic measurements were corrected for magnification. The known width (13 mm) of the radiopaque portion of the band was used as a reference standard.
Stomal diameter was the main parameter for assessing the tightness of the band. The data were analyzed to determine whether there was a threshold stomal diameter below which obstructive symptoms were more likely to develop and necessitate readjustment of the gastric band. The data also were analyzed to determine whether there was a threshold stomal diameter above which obstructive symptoms were unlikely to occur and band readjustment was not needed.
Two-sample Student's t tests (Excel 2003, Microsoft) were performed to determine whether there were statistically significant differences between the mean stomal diameter of the group with tight bands after adjustment and that of the control group and between the mean stomal diameter of the group with obstructive symptoms before band adjustment and that of the control group.
Surgical files were reviewed to determine mean weight loss 3 months and 12 months after laparoscopic adjustable gastric banding. Our institutional review board approved all aspects of this retrospective study and did not require informed consent from any patient whose radiographic images or medical records were included in our study. This investigation was compliant with HIPAA.
Results
Clinical Findings
Data about weight loss in the 30 patients with tight bands after the initial adjustment of the laparoscopically inserted gastric band, the 41 control patients, and the nine patients with obstructive symptoms before band adjustment are presented in Table 1 . Mean weight loss 12 months after band placement was not determined for the control group because the mean follow-up period for this group was 94 days. The group with tight bands after adjustment and the control group had comparable weight loss, and the group with obstructive symptoms before band adjustment had slightly greater weight loss than the other two groups 3 months after surgery.
Ten of the 246 patients (4%) who underwent laparoscopic adjustable gastric banding had obstructive symptoms (in addition to the expected early satiety) severe enough to warrant band deflation. These symptoms included dysphagia in three patients, regurgitation in three, nausea and vomiting in four, and postprandial substernal or epigastric pain in two. Barium studies of nine of these patients were available for review. The symptoms resolved in all nine of the patients after the band was loosened. In contrast, none of the 30 patients with tight bands that were readjusted and only two of the 41 control patients had obstructive symptoms in the month after band adjustment. Neither of these patients needed deflation of the band for management of the symptoms.
Radiographic Findings
The 41 barium studies of the 30 patients with tight bands necessitating readjustment 
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showed a mean stomal diameter of 2.9 mm after the initial adjustment (Fig. 4A ) and 8.1 mm after readjustment (partial deflation of the band) (Fig. 4B) . The mean gastric pouch emptying time was 98.7 seconds after band adjustment and 30.5 seconds after readjustment. In the 41 control patients (Fig. 3) , the mean stomal diameter was 9.5 mm, and the mean gastric pouch emptying time was 36.1 seconds after routine adjustment. In the nine symptomatic patients, the mean stomal diameter was 5.1 mm before deflation of the band (Fig. 5) . No gastric pouch emptying times were recorded for this group. Additional data about stomal diameter, esophageal width, pouch width, pouch height, and gastric pouch emptying time after the initial band adjustment and readjustment are presented in Table 2 . The median and SD and box plots of the stomal diameters in the three groups are shown in Table 3 and Figure 6 . In the comparison of the two groups of 41 studies, 39 of the 41 barium studies (95%) showing tight bands after adjustment revealed a stomal diameter less than 6 mm. None of the 41 control patients had a stomal diameter below this threshold. Conversely, 40 of the 41 control patients (98%) had a stomal diameter greater than 6 mm, whereas none of the 41 barium studies showing tight bands after adjustment revealed a stomal diameter above this threshold. Two of the patients with tight bands after adjustment and one of the control patients had a stomal diameter of 6 mm. Thus for routine band adjustments, 6 mm was the threshold stomal diameter below which band readjustment (i.e., loosening) was consistently performed and above which band readjustment was not performed. Seven of the nine patients (78%) with obstructive symptoms necessitating band deflation had a stomal diameter of 6 mm or less on barium studies, and the other two (22%) had a stomal diameter of 7 mm. Comparison of the three groups revealed that the mean stomal diameter was significantly smaller in the group with tight bands after adjustment than in the control group (2.9 mm versus 9.5 mm; p < 0.0005) and in the group with obstructive symptoms before band adjustment than in the control group (5.1 mm versus 9.5 mm; p < 0.0005).
Discussion
Laparoscopic adjustable gastric banding has been found to produce effective and sustained weight loss when combined with incremental tightening of the band [2, 5, [10] [11] [12] . If the band is too loose, patients are unlikely to experience substantial weight loss, and, conversely, if the band is too tight, weight loss may be associated with a variety of obstructive symptoms, including dysphagia, regurgitation, nausea and vomiting, and postprandial substernal or epigastric pain [11, 12, [15] [16] [17] . Nevertheless, we are not Note-All values are in millimeters. 
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aware of any consensus about the utility of barium studies for assessing gastric banding immediately after adjustment. Nor is there a consensus about optimal goals for stomal diameter to maximize weight loss and minimize complications.
In the two U.S. Food and Drug Administration trials of the Lap-Band System (Inamed) (trial A started in 1995 [8, 9] , trial B started in 1999 [9, 18] ), patients with laparoscopically inserted gastric bands underwent periodic band adjustments with incremental administration of saline solution into the band followed by fluoroscopic barium studies to assess stomal diameter. The patients in these trials had high complication rates because of aggressive band tightening and excessive targeting of small stomal diameters on follow-up barium studies without adequate consideration of symptoms. In 2000, Wiesner et al. [19] sought to maximize weight loss after band placement with aggressive tightening of the band, using a target stomal diameter of only 3-4 mm on barium studies immediately after band adjustment. This approach resulted in complications in 28 of 98 patients (29%), including pouch dilation in seven, posterior band slippage in 11, gastric herniation in six, gastric volvulus in two, and band penetration in two. In 2001, DeMaria et al. [8] reported obstructive symptoms in 17 of 37 patients (46%) in whom the mean stomal diameter was 4.5 mm on barium examinations immediately after band readjustment. The results of these studies suggest that stomal diameters of 3-5 mm after adjustment of laparoscopically inserted gastric bands may be too tight and likely to be associated with more frequent obstructive symptoms and more serious complications.
In our study, 39 of 41 barium studies (95%) showing tight bands after adjustment revealed a stomal diameter less than 6 mm (Fig. 4A) , whereas none of the control patients had a stomal diameter below this threshold. Conversely, 40 of 41 control patients (98%) had a stomal diameter greater than 6 mm (Fig. 3) , whereas none of the 41 barium studies showing tight bands after adjustment of laparoscopically inserted gastric bands revealed a stomal diameter above this threshold. At the same time, seven of nine patients (78%) with obstructive symptoms after placement of an adjustable gastric band had a stomal diameter of 6 mm or less (Fig.  5) , and the other two had a stomal diameter of 7 mm. Finally, mean stomal diameter was significantly smaller in the group with tight bands after adjustment than in the control group (2.9 mm vs 9.5 mm; p < 0.0005) and in the group with obstructive symptoms than in the control group (5.1 mm vs 9.5 mm; p < 0.0005). These findings strongly suggest that patients with tight bands that were readjusted would likely have experienced obstructive symptoms had the band not been loosened. The group with tight bands after adjustment and the group with obstructive symptoms also had substantially greater esophageal width, gastric pouch width and height, and gastric pouch emptying times than the control patients.
Our experience indicates that a stomal diameter less than 6 mm on fluoroscopic barium studies immediately after band adjustment (i.e., administration of saline solution) is likely to be associated with the development of obstructive symptoms. We therefore believe that an adjustable gastric band with a stomal diameter less than 6 mm on barium studies immediately after band adjustment should be loosened. Conversely, a stomal diameter greater than 7 mm on barium studies after band adjustment is unlikely to be associated with the development of obstructive symptoms, so we believe the band does not have to be loosened in these patients. Finally, a borderline stomal diameter of 6-7 mm may or may not be associated with the development of symptoms, so the decision to loosen the band should be based on ancillary radiographic findings, such as esophageal width, size of the gastric pouch, and gastric pouch emptying time.
One potential concern is whether a stomal diameter greater than 7 mm will produce adequate weight loss. In our series, patients were successful in achieving weight loss 3 months after surgery regardless of stomal diameter, although we did not have adequate long-term follow-up data. In a study by Forsell [20] , effective weight loss was obtained with the Swedish band 24 months after surgery with a stomal diameter as large as 12 mm. We therefore believe that a target stomal diameter greater than 7 mm on barium studies immediately after band adjustment can yield effective weight loss while decreasing obstructive symptoms in these patients.
Our investigation had the inherent limitations of a retrospective study, including selection bias and interpretation bias. Our patient sample also was not randomized to undergo routine band adjustments with and without barium studies because all adjustments of gastric bands at our institution are followed immediately by barium studies. However, the impetus for this investigation was to establish whether our approach is justified given the greater utilization of resources for routine barium studies at the time of band adjustment. Our retrospective investigation also was not intended to correlate stomal diameter and weight loss, although our data suggest that laparoscopic adjustable gastric banding at our institution has produced reasonable weight loss without serious obstructive symptoms in most patients.
Another limitation of our study was that the decision to readjust the band after initial administration of saline solution for band tightening was based not on established criteria but on the subjective opinion of the attending gastrointestinal radiologist and bariatric surgeon that the band was too tight because of a small stomal diameter, proximal dilatation, or slow emptying of barium through the band on the initial barium study after adjustment of the band. An argument could therefore be made that our study design produced inherent bias in which a significant difference was likely to be observed between stomal diameters of control patients and patients in whom the band was readjusted. Nevertheless, almost all patients with tight bands on the initial barium study after band adjustment had stomal diameters less than 6 mm. Similarly, seven of nine patients (78%) with obstructive symptoms necessitating band deflation had stomal diameters of 6 mm or less. We therefore believe that many of the patients with tight bands after the initial adjustment would have had obstructive symptoms had the band not been partially deflated immediately after the barium study that showed a small stomal diameter. A prospective investigation with a larger patient sample is needed to further elucidate the role of barium studies after adjustments of gastric bands.
Our experience indicates that a routine fluoroscopic barium study after adjustment of a laparoscopically inserted gastric band yields useful diagnostic information that leads to readjustment of the band after approximately 7% of routine adjustments. On the basis of our findings, we believe a stomal diameter less than 6 mm after administration of saline solution into the band is likely to be associated with obstructive symptoms, so the band should be loosened. In contrast, a stomal diameter greater than 7 mm is unlikely to be associated with obstructive symptoms, so band loosening is usually not required. Finally, a stomal diameter of 6-7 mm should Barium Studies After Gastric Band Adjustment be viewed as borderline, and the decision to loosen the band should be based on the presence or absence of ancillary radiographic findings, such as increased esophageal diameter, pouch dilatation, and prolonged pouch emptying times.
